Introduction
The failure of vixens to conceive or reach full-term pregnancy after conception is a widely recognized phenomenon both in the wild red fox (Vulpes vulpes) (Harris and Smith, 1987; Lindström, 1988 Lindström, , 1989 and in farmed red and blue fox (Alopex lagopus) populations (Johansson, 1938; Wisnicky et al, 1939; Moller, 1973) . Post-mortem studies have shown that up to 20% of sexually mature females, whether wild or captive, lose their fetuses either before or after implantation (Aamdal and Fougner, 1973; Harris and Smith, 1987) . Although the endo¬ crinology of the fox reproductive cycle has been documented and appears to be very similar to that of the dog (see Mondain-Monval et al, 1977 , 1985 and Concannon, 1986 for reviews), only one study in foxes has examined the endocrine basis of these observed reproductive failures (Moller, 1973 (Hersteinsson and Macdonald, 1982; Lindström, 1982; von Schantz, 1984 (Greenwood et al, 1963) , and was also used as the standard. Assay protocol was a microprocedure commonly used for many protein hormone assays (Follett et al, 1972) .
Half-maximal (50%) binding occurred at 0.39 ng ml~ and the assay sensitivity was 0.03 ng ml~. Coefficients of inter-and intra-assay were 17.2% and 9.7%, respectively.
Prolactin radioimmunoassay
Prolactin was assayed according to the protocol described by Mondain-Monval et al (1985) and used antisera 33-9. The sensitivity of the assay was 0.58 ng ml~, and the inter-and intra-assay coefficients of variation were 6.4% and 11.5%, respectively. (Figs 1 and 3a) . The MANOVA was highly significant (F= 5 .82, df = 5 and 12, < 0.01) and the estimate of correct classification was 83%. The CV loadings (Fig. 3b) Time from ovulation (weeks) Fig. 4 . Mean ( ± SEM) plasma LH concentrations for breeding (-and non-breeding (-) 
Cortisol
Although there was considerable variation in cortisol con¬ centrations both between and within individuals, non-breeding vixens generally exhibited higher cortisol concentrations throughout the breeding season (Figs 1 and 5 a) (Johansson, 1938; Layne and McKeon, 1956; Creed, 1972) . In addition, in ewes, preim¬ plantation embryonic mortality has been associated with low¬ ered progesterone concentrations (Wilmut el al, 1989; Kleeman et al, 1991) . Reproductive failure in up to 14% of wild red fox vixens has also been attributed to post-implantation losses (Lloyd, 1980; Lindström, 1982; Allen, 1984) . Thus, a propor¬ tion of other non-breeding females may lose their fetuses after implantation, for instance, at about week 6 after ovulation.
Non-breeding animals were also characterized by their proportionally higher concentrations of plasma progesterone 2 weeks before ovulation. The change in the oestrogen:progesterone ratio is responsible for the onset of full oestrous behaviour in dogs and foxes (Concannon et al, 1977; Wildt el al, 1979; Moller et al, 1980) , which might suggest misalign¬ ment of behavioural with physiological oestrus in non-breeding females. However, changes in histology of the vagina, which are also indicative of the ovarian steroid ratio (Concannon, 1986) , revealed that all vixens entered oestrus coincident with the rise in plasma progesterone.
Luteotrophic support in dogs, and probably in foxes, is provided by prolactin and LH (Mondain-Monval et al, 1977; Rothchild, 1981; Concannon, 1986) . Progesterone concen¬ trations can be increased in pseudopregnant bitches by the administration of prolactin (Steinetz et al, 1990 (Layne and McKeon, 1956; Creed, 1972; Lindström, 1982 Davis, 1964; Wasser, 1983; Abbott, 1988) , and studies of wild and captive foxes have observed that normally only one vixen from each social unit will successfully rear a litter each year (Macdonald, 1980; Lindström, 1982; von Schantz, 1984) . In the present study, only one vixen from any social group whelped, although in some social groups, no vixens whelped. The nature of the captive enclosures would inevitably result in greater auditory, visual and olfactory contact between foxes than would occur in the wild, and it is likely that social stresses were high. However, behavioural studies on wild red fox populations also indicate that high levels of intergroup aggression are common during the breed¬ ing season and the results are likely to be comparable (White and Harris, in press). The failure of ovulated vixens to whelp,
